This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



Requested Patent: EP0328823A2 

Title: MULTIPLE-LAYER SEALED GLAZING UNIT. ; 

Abstracted Patent: EP0328823 ; 

Publication Date: 1 989-08-23 ; 

Inventor(s): REICHERT GERHARD ; 

Applicant(s): GLOVER MICHAEL (CA); REICHERT GERHARD (CA) ; 

Application Number: EP1988031 1844 19881214 ; 

Priority Number(s): US19870132557 19871214 ; 

IPC Classification: E06B3/66 ; 

Equivalents: CA1331851, DE3871939D, DE3871939T ; 

ABSTRACT: 

A hollow-profile spacer 30A has faces 27 which engage the glazing panes and can be bent to 
form a rectangular frame. The inner face 32 is perforated at 29 to allow dessicant material within 
the hollow profile to absorb moisture from within the space between the glazing panes. The 
spacer is roll-formed from a flat strip of oriented thermoplastic material whose edges are welded 
together along the line 28. The material is highly-oriented in the longitudinal direction 34 which 
improves strength, stiffness and dimensional stability in this direction. It also reduces thermal 
conductivity in the transverse direction 33. The sheet may be biaxially oriented so that it has dead 
bend properties both parallel (34) and normal (33) to the longitudinal axis of the spacer. 
Alternatively the orientation of the material is achieved by drawing in the course of producing the 
spacer by extrusion. 
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© A hollow-profile spacer 30A has faces 27 which 
engage the glazing panes and can be bent to form a 
rectangular frame. The inner face 32 is perforated at 
2 i*i°_3j!<?w dessicant material within the hollow pro- 
file to absorb moisture from within the space be- 
tween the glazing panes. 

The spacer is roll-formed from a flat strip of 
oriented thermoplastic material whose edges are 
welded together along the line 28. The material is 
highly-oriented in the longitudinal direction 34 which 
improves strength, stiffness and dimensional stability 
in this direction. It also reduces thermal conductivity 
in the transverse direction 33. The sheet may be 
biaxially oriented so that it has dead bend properties 
both parallel (34) and normal (33) to the longitudinal 
axis of the spacer. 

Alternatively the orientation of the material is 
achieved by drawing in the course of producing the 
spacer by extrusion. 
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MULTIPLE-LAYER SEALED GLAZING UNIT 



1 . Field of the Invention 

This invention relates to insulating multiple lay- 
er sealed units for the building envelope incorporat- 
ing insulating spacers therefor and where the mul- 
tiple layers are typically made from transparent 
glazing materials. 



2. Description of the Prior Art 

Insulating glass units generally consist of two 
or more parallel sheets of glass which are spaced 
apart from each other and which have the space 
between the panes sealed along the peripheries of 
the panes to enclose an air space between them. 
Spacer bars are placed along the periphery of the 
space between the two panes. These spacer bars 
aretypically long hollow perforated metal sections, 
usually made from an aluminum alloy and fab- 
ricated either in the form of an extrusion or by 
rolling from flat strip material. The hollow interior of 
the spacer contains a desiccant material which is 
used to absorb any residual moisture that may be 
in the enclosed air and to soak up any additional 
moisture that may enter into the sealed unit over a 
period of time. The spacers are assembled' into a 
generally rectangular-shaped frame typically using 
corner keys. 

Units are constructed using either a single or 
dual seal. For single seal units, the structural, air 
and moisture vapour seal is combined in one seal.' 
Sealant materials typically used with single seal 
design include either thermoplastic sealants such 
as butyl or thermosetting sealants such as polysul- 
P ni de and polyurethane. In gen eral, the ther moset- 



using corner keys, about 50 per cent of the mois- 
ture vapour entering the sealed unit is through the 
corner connections. Similarly, for sealed units filled 
with low-conductive gas about 50 per cent of the 

5 gas loss from the sealed units is through the corner 
connections. To improve the durability of sealed 
units, the comer connections can be eliminated 
and the metal spacer bar can be bent or stretch- 
formed around the corners. To complete the bent- 

w corner spacer frame, the two ends of the metal 
spacer can be welded or brazed together. With the 
introduction of automated equipment bent-corner 
spacer frames can be very efficiently fabricated. 
One problem with conventional sealed glazing 

75 units is that because the aluminum spacer is highly 
conductive there is a thermal bridge between the 
glazing layers and this can cause perimeter misting 
or ice build-up under extreme weather conditions. 
The metal spacer also causes glass stress, espe- 

20 daily with low-e coated glass. On cold, sunny days 
the centre of the interior glass heats up and ex- 
pands but the material is constrained by the cold 
perimeter glass, creating stress in the glass. Under 
extreme conditions this stress can be sufficient to 

25 cause glass breakage. These problems related to 
the use of a conductive metal spacer are now 
becoming more significant with the introduction of 
* high thermal performance glazing. Compared to 
conventional double glazing (R-2 centre glazing), 

30 high thermal performance units range in perfor- 
mance from R-4 to FM2 (centre glazing). This 
increase in thermal performance is achieved 
through various combinations of low-e coatings, 
low-conductive gas fill and additional glazing lay- 

35 ers. 

For high thermal performance glazing, one op- 
tion isforthe low-e coatin g to be a p plied to a heat 



ting sealants are more permeable to moisture vap- 
our than the thermoplastic sealants. 

For dual seal units, there is an inner seal, as 
well as the main outer seal with the inner seal 
generally functioning as an additional moisture vap- 
our seal. Typically, for dual seal units, the inner 
seal is a thermoplastic material such as 
polyisobutylene and a bead of the polyisobutylene 
is attached to the sides of the spacer adjacent to 
the glass sheets. The spacer frame is then placed 
between the panes and heat and/or pressure is 
applied to ensure that the polyisobutylene is com- 
pressed and fully wets out to the surface of the 
glass. For the second outer seal, typically a ther- 
mosetting sealant such as silicone or polysulphide 
is used and is applied in the outward facing perim- 
eter channel between the two glass sheets. 

For sealed units conventionally manufactured 



shrinkable film which is incorporated within two 
outer glazing layers. The method of manufacturing 

40 this type of sealed glazing unit is described in U.S. 
Patent 4,335,166. A particular production problem 
is that in order to avoid comer wrinkling of the film 
following the heat shrinking process, steel spacers 
are used in preference to aluminum because of the 

45 higher stiffness and rigidity of the steel spacer. 

Particularly in buildings where there is a high 
risk of vandalism, plastic sheets may be used 
instead of glass in the manufacture of the sealed 
units. The benefits of using plastic instead of glass 

so are improved security, reduced maintenance costs 
and increased safety with no threat of glass break- 
age. 

The main drawback of using plastic instead of 
glass is early failure of the sealed unit which is 
caused by two main factors. One cause is in- 
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creased moisture build-up and desiccant degrada- 
tion resulting from the comparatively high perme- 
ability of the plastic glazing material A second 
cause is premature sea! failure resulting from the 
increased expansion of the glazing layers due to 
the higher coefficient of expansion of the plastic 
glazing material. A further drawback is that be- 
cause of the build-up of moisture within the sealed 
unit, high performance low-e coatings cannot be 
typically incorporated into sealed plastic glazing 
units because these coatings will degrade rapidly. 
Similarly, because of the permeability of the glaz- 
ing material, low-conductive gas fill cannot be in- 
corporated within the sealed glazing unit, because 
over time the gas will diffuse out of the unit. 

For high security glazing, laminated sheets of 
glass and plastic are used. However, because of 
the higher coefficient of expansion of the plastic, 
the plastic sheets are typically laminated between 
two glass sheets in order to evenly constrain the 
plastic sheets and help prevent delamination of the 
glazing layers. 

Although most multiple glazed units incorporate 
conventional metal hollow profile spacers, there are 
other more specialized types and designs of sealed 
units incorporating metal spacers. Two particular 
specialized designs of sealed units are highlighted. 

One specialized design of a sealed glazing unit 
which is used for structural spacer glazing incor- 
porates a metal channel-shaped spacer which is 
used in combination with a deformable sealant 
tape, containing desiccant. The two legs of the 
spacer are separately bonded to the glazing layers 
with structural silicone sealant. The design of struc- 
tural spacer glazing units is described in detail in 
U.S. Patent 4,552,790. 

An interesting application of structural spacer 
glazing Is for flush glazed, openable windows. With 
this type of window design, there is no need for a 
separate sash frame and the opening window hard- 
ware, weatherstripping and related components are 
"directly fixed "to the~sealed"u hit: "A" key advantage" of ~ 
this type of design for high thermal performance 
glazing is that without the supporting frame, there 
is increased energy efficiency. First there are high- 
er solar gains through the increased glazing area. 
Second, there are lower heat losses through the 
reduced perimeter frame area. A particular problem 
of using a metal spacer for flush glazed windows is 
that holes cannot be drilled in the metal spacer as 
the metal spacer functions as a moisture barrier 
and the integrity of the moisture vapour barrier 
must be retained to order to maintain the integrity 
of the edge seal.Consequently, it is comparatively 
difficult to fix the different window components 
such as hinges and opening hardware to the sealed 
unit. 

A second specialized design of sealed unit is 



manufactured with a continuous strip product which 
combines spacer and sealant in a single product. 
The metal spacer is a flat metal strip bent in a 
continuous zigzag profile which is embedded within 

5 an elongated ribbon of deformable sealant contain- 
ing desiccant. The product which is described in 
U.S. Patent 4,431,691 by Greenlee is marketed 
commercially under the name of Swiggle StripTM 
by Tremco Inc. of Cleveland, Ohio. 

w As with conventional sealed units, the main 

problem of using metal spacers for these special- 
ized designs is that the highly conductive metal 
spacer acts as a thermal bridge creating heat loss 
and condensation around the inner perimeter of the 

15 sealed unit. Again as with conventional units, this 
problem of perimeter edge heat loss is now be- 
coming more significant with the introduction of 
high thermal performance glazing units. 

In order to address this problem of perimeter 

20 edge heat loss, various efforts have been made 
over the past twenty years to use lower conductive 
plastic materials instead of metals for manufactur- 
ing the spacer bar. However, these efforts to sub- 
stitute conventional thermoplastic materials have 

25 not proved to be successful as plastics are gen- 
erally unsuitable as materials for manufacturing 
spacer bars. The main drawbacks of conventional 
plastic materials include: high coefficient of thermal; 
expansion, poor UV stability, high moisture vapour 

30 and gas transmission, low rigidity or stiffness, poor 
thermal stability with volatile outgassing and stress 
relaxation etc. 

In order to overcome these drawbacks with 
conventional thermoplastic materials, more com- 
as plex designs for the spacer have been developed 
using reinforced engineering grade plastic materi- 
als. One approach documented in U.S. Patent 
4,479,988 uses a glass fibre filled polycarbonate 
extrusion. The advantage is that the coefficient of 

40 expansion of the glass fibre filled polycarbonate is 
somewhat reduced, however, the coefficient of ex- 

pansion is still higher than glassr : 

Another approach documented in U.S. Patent 
4,551,364 and in U.S. Patent 4,564,540 uses a 

45 fibreglass pultrusion. Again, the advantage is that 
the coefficient of expansion of pultruded fibreglass 
is reduced and in this case is almost the same as 
the coefficient of thermal expansion of glass. 

These efforts to develop reinforced plastic 

so spacers have not at present proved to be commer- 
cially successful. There appears to be five main 
factors that account for the lack of commercial 
success of reinforced plastic spacer bars. 

One factor is that the costs of manufacturing 

55 reinforced plastic spacers are comparatively high 
for both the extruded and pultruded spacers. For 
the extruded spacer, production and material costs 
are high because each spacer is individually ex- 
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truded using engineering grade plastic resins filled 
with glass fibres and because of the glass fibre fill, 
the extrusion dies have to be replaced at regular 
intervals. For the pultruded spacer, the costs of 
setting up to manufacture a specific profile are 
high. In addition, the walls of the pultruded profile 
are relatively thick and contain a high percentage 
of glass fibre content and as a result, the material 
costs are comparatively high and the dies again 
have to be replaced at regular intervals. 

A second factor is that even with the glass fibre 
fill reinforcement, the reinforced plastic materials 
remain comparatively permeable. Consequently, 
there is the concern that over time moisture vapour 
will permeate into the sealed unit through the walls 
and corner connections of the plastic spacer frame 
and in the long term, this transmission of moisture 
will cause desiccant degradation and eventual fail- 
ure of the sealed unit This problem is particularly 
significant where silicone is used as the outer seal- 
ant in manufacturing the sealed unit Similarly for 
gas-filled units, there is also a concern that the low- 
conductive gas will permeate through the plastic 
spacer and over time this will result in reduced 
thermal performance. 

A third factor is that reinforced plastic spacers 
can cause increased sealant stress and this in- 
creased stress can result in premature failure of the 
sealed unit. For the extruded reinforced spacer, the 
increased sealant stress is due to the fact that the 
coefficient of expansion of. the fibre filled polycar- 
bonate is higher than the coefficient of expansion 
of the glass. For the pultruded spacer some sealed 
unit manufacturers consider that there is increased 
sealant stress due to the extreme rigidity and stiff- 
ness of the thick wall spacer profile. 

A fourth factor is that reinforced plastic spacers 
can create production problems. For the extruded 
spacer, the thin cross-section with glass fibre fill 
means that the spacer cannot be easily thermally 
welded together if desired. For the pultruded spac- 
er, the high percentage of glass fibre fill means that 
very high dust levels are created when the spacer 
is cut with a saw. The fine dust is difficult to clean 
off the spacers for clean assembly of sealed units. 

A fifth factor is that for the extruded polycar- 
bonate spacer, the problem of volatile outgassing 
at high temperatures has not been resolved and 
sealed units fabricated using the polycarbonate 
spacer at present have difficulty passing certain 
durability testing requirements for sealed units. 



SUMMARY OF THE INVENTION 

By fabricating a multiple glazed sealed unit 
with an insulating spacer made from oriented ther- 
moplastic polymer material it has been found that 



the problems with the prior art have been over- 
come. In particular, it has been found that some of 
the apparent drawbacks of using an oriented ther- 
moplastic material for manufacturing insulating 
5 spacers can be used to advantage in the design of 
the product. 

Accordingly, the present invention provides a 
multiple layer sealed unit comprising at least two 
glazing layers arranged in a parallel spaced relation 

ro and with an insulating spacer made from highly- 
oriented thermoplastic polymeric material inter- 
posed and adjacent to the periphery of the glazing 
layers. The required physical properties of the in- 
sulating spacer are substantially governed by con- 

75 trolling the degree and directions of the oriented 
molecular structure of the thermoplastic material or 
materials from which it is formed. Typically, the 
orientation of the polymer material of the insulating 
spacer is largely in the longitudinal axis of the 

20 spacer. 

The present invention also provides an insulat- 
ing spacer for multiple layer sealed units which is 
formed from a highly-oriented thermoplastic poly- 
meric material. Among other physical properties of 

25 the spacer, the thermal conductivity, coefficient of 
thermal expansion and dead bend properties of the 
spacer are governed by controlling the degree and 
directions of orientation of the molecular structure 
of the material from which it is formed. 

30 Various methods can be used to manufacture 
the oriented thermoplastic material and generally 
these methods involve some way of drawing or 
stretching the isotropic material. This process of 
drawing or stretching the thermoplastic material 

35 aligns or orientates the molecular structure of the 
isotropic polymer and results in a material with 
substantially modified properties. These modified 
properties are anisotropic. The properties of the 
material in the direction of draw are very different 

40 from the properties of the material perpendicular to v 

t he direction of draw. The material properties also 

vary significantly depending on the type of polymer 
and in particular whether the polymer is crystalline 
or amorphous in molecular structure. Generally, it 

45 is the more highly crystalline polymers that are 
most affected by the process of orientating the 
polymer structure. Further, in general, the higher 
the draw ratio, the greater the degree of modifica- 
tion of the physical properties of the oriented ther- 

so moplastic polymer. 

For insulating spacers, the modified and im- 
proved properties of the oriented thermoplastic ma- 
terial make It feasible to manufacture insulating 
spacers from conventional thermoplastic materials 

55 usually without the need for additional reinforce- 
ment The use of oriented thermoplastic material 
results in four main improvements. 

One improvement is higher strength and stiff- 
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ness in the direction of draw. The advantage of 
these improved structural properties is that without 
the need for glass fibre reinforcement, the profile 
wall thickness of the oriented thermoplastic spacer 
can be thin, lowering the cost and weight of the 
spacer and also reducing conductive heat loss 
through the thin wall profiles. The increased stiff- 
ness of the insulating spacer profiles also speeds 
up the assembSy process for the sealed unit as the 
spacer frame can more easily be laid down on the 
glass so that the sides of the frame are parallel to 
the edges of glazing sheets. 

A second improvement is enhanced resistance 
to ultraviolet (UV) radiation degradation. The advan- 
tage of improved weatherability is that for certain 
types of thermoplastic materials, there is no need 
for a separate UV barrier and the front face of the 
oriented plastic spacer will not dust or flake even 
after prolonged exposure to sunlight. Also, colour 
fading of the plastic material will be reduced. 

A third improvement is enhanced high tem- 
perature stability. One advantage of improved tem- 
perature resistance is that the spacer is not de- 
formed by the application of hot sealant during the 
fabrication of the sealed unit. A related issue is that 
the improved thermal stability of the oriented ther- 
moplastic material helps prevent outgassing at ele- 
vated temperatures which causes fogging of the 
sealed unit due to volatile plastic materials con- 
densing on the inner cold surfaces of the glass. 
The improved thermal stability of the material also 
eliminates the problem of stress relaxation. 

A fourth improvement is enhanced barrier 
properties. The advantage of a lower rate of mois- 
ture vapour transmission is that without the need 
for a separate barrier coating, certain types of 
oriented plastic materials have the necessary bar- 
rier properties to ensure long term performance for 
the sealed unit Similarly, the enhanced barrier 
properties of the oriented thermoplastic material 
help reduce the loss of low-conductive gas from 
- the- sealed unit: — 

As well as these improved properties, the pro- 
cess of producing the oriented spacer also results 
in modified material properties that are not on their 
face, apparently advantageous or compatible with 
the requirements of an insulated spacer for sealed 
glazing units. 

One such property is that the thermal con- 
ductivity parallel to the direction of draw is in- 
creased. The conductivity perpendicular to the di- 
rection of draw, however, is somewhat decreased. 
We have found that by ensuring that the direction 
of orientation is located largely in the longitudinal 
axis of the spacer, advantage can be taken of the 
lower conductivity perpendicular to the direction of 
draw with the result that heat loss across the edge 
seal is reduced. 



A second property which is a considered 
drawback, is negative thermal expansion along the 
draw direction. For an insulated spacer, in order to 
avoid sealant stress, the coefficient of thermal ex- 

5 pansion of the polymer material should substan- 
tially match the coefficient of positive expansion of 
the glass within the temperature range of -30 ' C to 
+ 60 * C. Our research has shown that this problem 
of negative expansion can be overcome and the 

70 coefficient of expansion in the longitudinal axis can 
be fine tuned to match the coefficient of expansion 
of glass. 

A third property which is a considered 
drawback is that the polymeric oriented material in 

15 the direction of draw exhibits dead bend properties. 
Like a metal, the material can be dented on impact. 
For an insulated spacer, however, advantage can 
be taken of this "nuisance" property. One example 
is where the spacer frame is fabricated by cold 

20 forming or bending the spacer bar around the 
corners or partly cutting or V notching the spacer 
and then bending the spacer bar around the cor- 
ners. The advantages of the bent-corner spacer 
frame are, more efficient assembly of the sealed 

25 unit particularly with automated production meth- 
ods and improved durability of the sealed unit with 
reduced moisture vapour transmission and low- 
conductive gas loss at the corners. . 

The process of manufacturing the oriented 

30 plastic sheets or profiles does not alter other key 
properties of the polymer material that makes ther- 
moplastic materials more suitable than metals as 
materials for manufacturing spacer bars. These im- 
proved properties include: light weight, no corro- 

35 sion, weldable, ease of handling etc. 

The property of the oriented thermoplastic 
spacer being weldable is particularly advantageous 
for three reasons. First, in the fabrication of a bent- 
corner spacer frame, it is easy to weld the final 

40 joint connecting the two ends of the spacer bar. 
Second, with gas filling the units, it is easy to seal 

up the holes after- the nozzles- of -the gas-filling — 

equipment are removed. Third, in the fabrication of 
sealed units incorporating glass and plastic lami- 

45 nated glazing sheets or plastic glazing sheets or 
films, the thermoplastic spacer can be bonded to 
the plastic glazing material. 

According to a feature of the present invention, 
the sealed unit can incorporate sealant wetted out 

so and adhering to the spacer and to at least one or 
both of the glazing layers depending on the design 
configuration of the spacer. The sealed unit can 
also incorporate additional inner glazing layers ar- 
ranged in a parallel and spaced relationship to the 

55 outer glazing layers. The glazing layers can be 
glass sheets or thermoplastic sheets or heat shrink- 
age plastic films. Where thermoplastic glazing 
sheets or films are used, the films or sheets can be 
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bonded directly to the oriented thermoplastic spac- 
er. 

Where the outer glazing layers are plastic 
sheets or laminated sheets of glass and plastic, the 
oriented thermoplastic spacer can be bonded ar- 
ound the periphery of the outer glazing sheets and 
no sealant is necessary for the fabrication of the 
sealed unit. 

For sealed plastic glazing units in particular, 
the use of the oriented plastic spacer results in 
substantial improvements in the performance of the 
sealed unit especially where the outer glazing 
sheets are also made from transparent oriented 
thermoplastic sheet material. 

First, the fabrication of the glazing unit is sim- 
plified because there is no need for outer sealant 
Second, the durability of the sealed plastic glazing 
unit is improved because of the enhanced barrier 
properties of the oriented thermoplastic polymer. 
Third, the heat loss through the edge seal is re- 
duced as compared to solid sealant, the thin walls 
of the oriented thermoplastic spacer create a mini- 
mal thermal bridge. Fourth, the energy efficiency of 
the sealed plastic glazing unit can be substantially 
improved as it is feasible because of the improved 
barrier properties of the plastic glazing to incor- 
porate low-e coatings and low-conductive gas fill. 
Also, because of the strength of the oriented plastic 
glazing, it is feasible to fabricate thick air space 
sealed units incorporating multiple layers of low-e 
coated, heat shrinkable plastic films. Compared to 
conventional double glazing (R-2) the thermal per- 
formance of these thick airspace, low-conductive 
gas filled, multiple-layer sealed plastic glazing units 
can be in excess of R-16. A particular advantage of 
using these high thermal performance, sealed plas- 
tic glazed units for openable. flush glazed windows 
is that the various window components such as 
opening hardware, hinges and weatherstripping can 
be easily bonded to the oriented thermoplastic 
glazing and spacer:- 



For plastic sealed glazing units, the outer plas- 
tic glazing sheets are typically manufactured from 
biaxially oriented thermoplatic material or biaxially 
oriented thermoplastic material bonded to glass 
sheets. In contrast to conventional laminated glaz- 
ing of glass and plastic, the biaxially oriented ther- 
moplastic material does not have to be sandwiched 
between glass sheets as the coefficient of expan- 
sion of the oriented thermoplastic material can be 
fine-tuned to match the coefficient of expansion of 
glass. The advantage is that the fabrication of the 
sealed unit is simplified as the oriented thermoplas- 
tic spacer can be bonded directly to the inward 
facing plastic layers of the laminated glazing 
sheets. . 

In the fabrication of the spacer frame for the 
insulated glazing unit, the oriented thermoplastic 



spacer bars can be conventionally assembled into 
a generally rectangular-shaped frame using corner 
keys. Alternatively, the spacer frame can be as- 
sembled by cold forming or bending the spacer bar 
5 around the corners or partly cutting or V notching 
the spacer bar and then bending the spacer bar 
around the corners. To complete the bent-corner 
spacer frame, the two ends of the spacer bar can 
then be welded or sealed together. 
10 Conventional hollow profile oriented thermo- 
plastic spacers can be manufactured in various 
ways including extruding the spacer as individual 
profiles with the material being oriented as part of 
the production process, or alternatively, roll-forming 
75 the spacer from flat strips of already oriented ther- 
moplastic sheet material. The oriented thermoplas- 
tic material typically only exhibits increased dead 
bend properties in the direction of draw. For the 
roll-formed spacer, in addition to the need for ori- 
20 entation in the longitudinal axis of the spacer, there 
is also a need for some degree of orientation 
normal to the longitudinal axis of the spacer to 
allow roll-forming as well as bending of the spacer 
profile. This biaxial orientation can be achieved in 
25 various way, including: biaxially orientating the 
sheet during production or laminating two or more 
layers of oriented thermoplastic sheets together so 
that the direction of draw of one sheet is normal to 
the direction of draw of the other sheet. 
30 The biaxially oriented sheets may be manufac- 
tured using a crossroll stretching" process where 
the material is orientated in opposing diagonal di- 
rections to the longitudinal axis of the sheet ma- 
terial. In this instance and with this production 
35 method, the required material properties in the 
longitudinal axis of the spacer can be achieved 
where the main direction of orientation may not be 
largely in a direction longitudinal to the axis of the 
spacer. 

40 Generally in the fabrication of the sealed unit, 
_____ — the-hollow -profile -spacer contains desiccant and — 
the side of the spacer facing the airspace typically 
incorporates perforated holes or a slot so that the 
desiccant material can absorb moisture from the air 

45 within the sealed unit. Where the profiles are roll- 
formed, one option is for the edges of the plastic 
sheet to be intermittently thermally welded together 
creating a continuous but perforated seam on the 
side of the spacer facing the airspace. 

so The spacer can be manufactured from different 
types of thermoplastic polymer materials. One op- 
tion where no sealant Is used or alternatively where 
a very permeable outer sealant such as silicone is 
used, is to fabricate the spacer from a thermoplas- 

55 tic material which already has very good barrier ■ 
properties and further improve these properties 
through the process of orientation. One preferred 
material is vinylidene chloride (SaraniTM) and in 
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addition to its very good barrier properties, a fur- 
ther advantage of using SaranTM is that all common 
types of sealant material adhere strongly to it. 

Depending on the type of thermoplastic ma- 
terial used for the spacer, the spacer may incor- 
porate a separate moisture vapour film or coating 
or a separate UV barrier on the front face. Where 
the spacer is roll-formed from flat strips cut from 
sheet material, the required coatings or films are 
first laminated or applied to one or two surfaces of 
the sheet material. The hollow profile spacer is 
then manufactured in such a way that after the 
hollow profile spacer is roll-formed, the coatings or 
films are located on the appropriate surface of the 
spacer. 

Various profile designs of the oriented thermo- 
plastic polymer spacer can be used for different 
specialized sealed glazing applications. One exam- 
ple is where the spacer is used for structural spac- 
er glazing. A second example is where the spacer 
is a continuous zigzag bent flat strip which is 
embedded within an elongated ribbon of defor- 
mable sealant containing desiccant material. 

At present, building panels used as part of the 
building envelope are not fabricated as multiple 
layer sealed units. However, because of the ad- 
vances made in developing high thermal perfor- 
mance sealed glazing units, there are now advan- 
tages in using the same edge seal technology 
developed for glazing units for the fabrication of 
opaque insulating panels. These advantages of us- 
ing sealed opaque panels for the building envelope 
include: the ease of future upgrading of the thermal 
performance of the building envelope and the ease 
of maintaining and repairing the required air barrier 
incorporated within the building envelope. These 
panels can provide more insulatation per unit thick- 
ness than conventional insulation materials used at 
present in the building envelope. The outer opaque 
layers used to manufacture these high thermal 
performance sealed panels can be made from a 
- variety- of- impermeable -materials including: -thin — 
stone or marble sheets backed with metal or bi- 
axially oriented thermoplastic sheets. 

BRIEF DESCRIPTION OF DRAWINGS 

The following is a description by way of exam- 
ple of certain embodiments of the present inven- 
tion, reference being had to the accompanying 
drawings, in which: 

Figure 1 shows a drawing of a roll-formed 
oriented thermoplastic spacer; 

Figure 2 shows a detail in cross-section of a 
dual seal double glazed unit incorporating an ori- 
ented thermoplastic spacer; 



Figure 3 shows a detail in cross-section of a 
single seal double glazed unit incorporating an 
oriented thermoplastic spacer; 

Figure 4 shows a detail in cross-section of a 
5 triple glazed unit with an inner flexible, heat shrink- 
able film sandwiched between two oriented thermo- 
plastic spacers; 

Figure 5 shows detail plan views of three 
alternative corner constructions of spacer frames 
70 manufactured from oriented thermoplastic poly- 
mers; 

Figure 6 shows a detail in cross-section of a 
triple glazed unit incorporating a heat shrinkable 
film where the oriented thermoplastic spacers are 
is directly bonded to the glazing layers; 

Figure 7 shows a detail in cross section of a 
double glazed unit for structural spacer glazing 
incorporating a channel shaped oriented thermo- 
plastic spacer ;and 
20 Figure 8 shows a corner detail of a double 

glazed unit incorporating a deformable sealant 
edge seal with an oriented thermoplastic spacer 
strip. 

25 

DETAILED DESCRIPTION 

Figure 1 shows a spacer 30A for multipje layer 

30 sealed units which are used for such applications 
as windows. The insulating spacer is of conven- 
tional cross section but according to . the invention 
is of oriented thermoplastic material rather than 
metal, conventional plastic or re-inforced plastic 

35 material. 

There are essentially two known methods for 
producing oriented polymeric material. One method 
is to produce an aligned extended structure in the 
polymer melt or solution which is followed by or 

40 associated with crystallization which may involve 
the formation of a liquid crystal phase. A second 

method for producing_oriented polymeric. materiaL 

is based on the solid state deformation and con- 
comitant orientation of the orientable thermoplastic 

45 polymers. Solid-phase deformation processes in- 
clude: extrusion drawing, tensile drawing, hydro- 
static extrusion, ram extrusion, die drawing, and roll 
press stretching. Generally the different processes 
involve in some way drawing or stretching the 

so isotropic material. As an example, the specific 
technique of die drawing is described in U.K. Pat- 
ent 2,060,469. 

The present oriented thermoplastic spacer is 
typically manufactured using solid-phase deforma- 

55 tion processes. For solid-phase deformation pro- 
cesses, the degree of orientation is largely deter- 
mined by the draw ratio although other factors such 
as temperature, pressure and the type of produc- 



13 



EP 0 328 823 A2 



14 



tion process also play a role. The process of ori- 
entating, the isotropic materia! enhances key prop- 
erties of the thermoplastic polymer material and it 
is these modified properties that allow the insulat- 
ing spacer to be manufactured from commodity or 
intermediate grade thermoplastic polymeric materi- 
als. 

For an insulating spacer to function and per- 
form satisfactorily within a sealed glazing unit, a 
number of demanding material requirements must 
be met. We have found that these demanding 
requirements can be obtained through controlling 
the degree and directions of orientation of the 
molecular structure of the thermoplastic material 
from which the spacer is made. 

One required property for the insulating spacer 
30A is strength and stiffness in the longitudinal axis 
of the spacer as shown by arrow 34. In general, the 
higher the draw ratio, the greater the strength and 
stiffness of the material in the draw direction which 
should be parallel to the longitudinal axis of the 
spacer. However, compared to other uses of the 
ultra drawn oriented thermoplastics, very high draw 
ratios are not necessarily required to manufacture 
an insulated spacer as the need for strength and 
stiffness must be offset against the other require- 
ments of an insulated spacer. 

A second property for an insulating spacer is 
dimensional stability in the longitudinal direction of 
the spacer as shown by arrow 34. Particularly 
where the outer glazing layers are glass, the coeffi- 
cient of thermal expansion of the oriented thermo- 
plastic spacer should substantially match the posi- 
tive coefficient of expansion of glass between the 
temperatures of -30 " C to + 60 * C. 

Generally, at high draw ratios, most crystalline 
thermoplastic materials exhibit a negative coeffi- 
cient of thermal expansion. However, the negative 
coefficient of thermal expansion of the oriented 
thermoplastic material in the draw direction can be 
- fine-tuned to match the- positive coefficientof ther- 
mal expansion of glass. This can be achieved in 
three main ways. 

First, the type of polymeric material used has 
to be carefully selected as the coefficient of ther- 
mal expansion varies significantly depending on 
the type of oriented thermoplastic material used. 
Materials such as low density polyethylene have a 
very high rate of negative thermal expansion while 
materials such as polypropylene have a lower rate. 
Second, the rate of negative thermal expansion 
increases with draw rates. At tow draw rates, the 
rate of thermal expansion is positive, while at high 
rates, the rate becomes negative. Through careful 
optimization, the coefficient of expansion can be 
made slightly positive to again match the coeffi- 
cient of expansion of glass. Third, the coefficient of 
thermal expansion can also be increased by an- 



nealing the oriented thermoplastic material at high 
temperatures. 

A third required property for an insulating spac- 
er is low moisture vapour and gas permeability. 

5 Research has shown that the permeability of ori- 
ented thermoplastic material is sensitive to draw 
ratio. For example for polyethylene, the permeabil- 
ity of the polymer is reduced dramatically as the 
draw ratio is increased from 5 to 10. 

w A fourth required property is low conductivity 

normal to the longitudinal axis of the spacer (shown 
by arrow 33). Generally, the thermal conductivity of 
the oriented material normal to the draw direction 
decreases with increasing draw ratio although after 

75 a draw ratio of about 5, increasing the draw ratio 
typically does not result in further substantial re- 
ductions in thermal conductivity. 

Other required properties include thermal sta- 
bility and UV resistance and, it is found that these 

20 properties are also enhanced by increasing the 
draw ratio. 

Where the spacer is used to manufacture bent- 
corner spacer frames a further required property is 
that the spacer 30A can be stretch formed or bent 
25 around the comers (see Figure 5). 

Through the appropriate control of draw ratio 
and production conditions, and these optimum ra- 
tios and conditions vary by material type, a number 
of different types of thermoplastic materials can 
30 provide the required properties for a insulating 
spacer, including: polypropylene, high density poly- 
ethylene and polyethylene terephthalate. 

Insulating hollow profile spacers 30A as shown 
in Figure 1 can be manufactured in various ways 
35 including extruding the spacer in profile form so 
that the material is oriented as part of the produc- 
tion process or by roll-forming the hollow profile 
spacer from flat strips cut from sheet material 
which has been previously oriented. The specific 
40 design illustrated in Figure 1 is for a roll-formed 

spacer: 

The hollow profile spacer 30A is roll-formed 
from flat strips of oriented thermoplastic material 
using similar production methods as are used to 
45 manufacture metal roll-formed spacers. As shown 
in Figure 1 after the hollow profile section is roll- 
formed, the two edges of the flat strip of material 
are heat welded together creating an invisible seam 
28 parallel to the longitudinal axis of the spacer as 
so shown by arrow 34. The seam 28 as shown in 
Figure 1 is on the backside 31 of the spacer 
although alternatively, the seam 28 can be located 
on one of the sides 27 of the spacer or on the front 
face 32 along the longitudinal axis of the spacer. 
55 When installed within a sealed unit, the spacer 
30A usually incorporates desiccant material con- 
tained within the hollow profile. The desiccant ma- 
terial must be in moisture communication with the 
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airspace enclosed by the glazing layers. As shown 
in Figure 1 , one way that this can be achieved with 
either the extruded or roll-formed spacer is by 
incorporating perforations 29 on the front face 32 of 
the spacer 30A. A second way, particularly for roll- 
formed spacers is to incorporate a continuous slot 
along the front face 32 of the spacer 30A. A third 
way. again particularly for roll-formed spacers, is 
for the edges of the oriented thermoplastic sheet to 
be intermittently welded together creating a con- 
tinuous but perforated seam. Compared to a con- 
tinuous slot, the advantage of an intermittently 
welded slot is a more rigid profile which allows the 
wall thickness of the spacer to be reduced. 

Where the spacer is roll-formed from flat strips, 
it is necessary that the sheet has dead bend prop- 
erties, both parallel and normal to the longitudinal 
axis of the spacer as shown by arrows 34 and 33. 
To achieve dead bend properties in two directions 
typically requires that the thermoplastic material is 
also oriented in at least two directions. This ar- 
rangement can be achieved in different ways. 

One way is to manufacture the strips from 
oriented thermoplatic sheets where the material is 
oriented at least biaxially. The biaxially oriented 
sheets may be manufactured using a type of cross- 
roll stretching process where the material Is orien- 
tated in two opposing diagonal directions from the 
longitudinal axis of the spacer. It should be noted 
that by balencing the degree and directions of the 
orientation of the sheet material produced using the 
crossroll production process, the required prop- 
erties of the spacer in the longitudinal axis can still 
be acheived even though the main direction and 
degree of orientation may not be largely in the 
longitudinal axis of the spacer as shown by arrow 
34. 

A second way is to cut the strips from sheets 
of oriented thermoplastic material which are lami- 
nated from at least two layers. One of the layers 
may be oriented to a greater degree than the other 
and the layer with the greaterdegree of orientation- 
is located so that the direction of draw is parallel to 
the longitudinal axis of the spacer as shown by 
arrow 34. The second sheet is located so that the 
direction of draw (as shown by arrow 33) is normal 
to the longitudinal axis of the spacer. In roll-forming 
the spacer from the laminated sheet material, the 
first layer where the direction of orientation is lon- 
gitudinal to the axis should become the outer sur- 
face on the side 27 of the spacer adjacent to the 
glaring layers (see Figure 3) and the second layer 
should become the inner surface of the spacer. 
This arrangement is preferred as the layer with 
reduced thermal conductivity on the outside of the 
spacer 30A helps prevent heat flow to the inner 
layer with increased thermal conductivity. 

Although the process of orientating the thermo- 



plastic material generally improves the barrier 
properties of the material, for certain applications 
where no outer sealant is used or alternatively 
where a very permeable outer sealant such as 
5 silicone is used, there is a need to further improve 
the barrier properties of the spacer. 

One way that the barrier properties can be 
improved is to manufacture the spacer 30A from a 
thermoplastic material which already has very good 

io barrier properties and further improve these prop- 
erties through the process of orientation. One pre- 
ferred material is polyvinylidene chloride (SaranTM) 
and in addition to its very good barrier properties, a 
further advantage of using SaranTM is that all com- 

75 mon types of sealant material adhere strongly to it 
A second way that the barrier properties can be 
improved is to add a separate moisture vapour and 
gas barrier film or coating to at least the back 31 
and the sides 27 of the spacer 30A. 

20 Compared to an extruded profile, a particular 
advantage of a roll-formed spacer 30A manufac- 
tured from strips cut from oriented thermoplastic 
sheets is that the sheets can be more easily lami- 
nated or coated with one or more layers of high 

25 barrier materials. These high performance barrier 
materials and coatings can include: EVA, EVOH 
(EvalTM), PVdC (SaranTM), and metallised coatings 
on PET film. 

In addition to the need for a separate barrier 

30 film or coating there may also be a need with 
certain types of plastics for a separate UV resistant 
film or coating on the front face 32 of the spacer * 
30A. 

Figure 2 shows a dual seal unit with an ori- 

35 ented thermoplastic polymer spacer 30B. As with a 
conventional dual seal unit, beads of 
polyisobutylene sealant 36 are applied to the sides 
of the hollow profile spacer 30B.The spacer 30B is 
formed into a spacer frame as will be explained 

40 more fully hereinafter. The preassembled spacer 
frame is interposed between the first glazing layer 

37A and the second glazing layer 37B, adjacent to 

the periphery of the glazing layers. Typically the 
orientation of the polymer material of the spacer 

45 30B is largely in the longitudinal axis of the spacer. 
Sealant 40A is applied in the outward facing 
channel around the periphery of the glazing sheets 
37A and 37B. The sealant 40A must adhere to the 
back 31 of the spacer 30B and for certain types of 

so thermoplastic materials, it may be necessary to 
treat or prime the spacer 30B to ensure good 
adhesion. The spacer 30B contains desiccant ma- 
terial 39 and typically incorporates perforations 29 
to allow airflow between the desiccant material 39 

55 and the air or low-conductive gas 38 within the 
sealed unit. 

Figure 3 shows a cross-section of a single 
seal, double glazed unit incorporating a hollow pro- 
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file oriented thermoplastic spacer 30A. The outer 
sealant 40B can be any sealant with good barrier 
properties such as hot melt butyl, polysulphide or 
polyurethane and so with this design because of 
the lower permeability of the outer sealant 40B, 
there is typically not the same need or requirement 
for the spacer 30A to be made from an oriented 
plastic with outstanding barrier properties or alter- 
natively be coated with a separate moisture vapour 
and gas barrier film or coating. 

Figure 4 shows a detail of a cross-section of a 
triple glazed sealed unit where two oriented ther- 
moplastic spacers 30C support a heat shrinkable 
plastic film 51 between two parallel and spaced 
apart glazing sheets 37A and 37B. The heat shrink- 
able plastic film 51 is typically made from polyeth- 
ylene terephthalate (PET). The outer sealant 40C is 
typically polyurethane sealant. The sealed unit is 
generally manufactured using a known method 
such as that outlined in U.S. Patent 4,335,166. The 
particular advantage of using oriented thermoplas- 
tic polymer spacers 30C for this application is that 
the spacers can be as stiff and rigid as steel 
spacers used to date. A further advantage is that 
the film 51 may be thermally bonded to the spac- 
ers 30C and this can simplify the assembly of 
multiple glazed units incorporating heat shrinkable 
flexible films. 

Figure 5 shows plan views of three alternative 
corner details of spacer frames. In Figure 5A, the 
two spacers 30A are conventionally joined with 
corner keys 42. In Figure 5 B, the spacer 30E is 
cold formed or bent around the corners 43 at room 
temperature or at slightly elevated temperatures. In 
fabricating the spacer frame from the oriented ther- 
moplastic hollow profiles, similar equipment to that 
used for corner bending metal spacers can be 
used. The two ends of the rigid plastic spacer 30E 
can be welded together as a butt joint 45 to ensure 
a continuous moisture vapour and gas barrier ar- 
ound the^ perimeter of_ the sealed unit. Alternatively, ^, 
as shown in Figure 5C, the spacer 50 can be 
partially cut and then bent around the corners 44. 
The specific corner detail shown in Figure 5C is for 
structural spacer glazing (See Figure 7). 

Other alternative corner details of the spacer 
frames not shown in the drawings Include: ther- 
mally welding and sealing the spacers together at 
the corners with a conventional mitre joint and V 
notching the spacer and then bending the spacer 
around the corner. 

Figure 6 shows a detail of a cross-section of a 
triple glazed sealed unit where two oriented ther- 
moplastic spacers 30G support a heat shrinkable 
film 51 between two parallel and spaced apart 
glazing sheets 52A and 52B. The glazing sheets 
52A and 52B can be biaxiaily oriented thermoplas- 
tic polymeric sheets or laminated sheets from glass 



and biaxiaJly oriented thermoplastic polymeric ma- 
terial. Where laminated sheets are used, the ori- 
ented thermoplastic material is on the side of the 
glazing facing the airspaces 38A and 38B. The 
5 hollow profile spacers 30G contain desiccant ma- 
terial 39 and are bonded to the outer plastic sheets 
52A and 52B respectively as well as to the film 51 
and to each other. 

Various processes can be used to directly 
ro bond the spacer to the plastic glazing sheets 52A 
and 52B including: magnetic heat sealing, adhesive 
bonding, ultrasonic sealing and solvent welding. No 
outer sealant is used and so the spacers 30G must 
have a very low rate of moisture vapour and gas 
rs transmission. As explained previously, this can be 
achieved by either manufacturing the oriented ther- 
moplastic spacers from materials such as 
vinylidene chloride which have very good barrier 
properties or by incorporating a separate high per- 
20 formance barrier layer. Similarly, for long term du- 
rability of the sealed unit,the the plastic glazing 
sheets 52A and 52B must have a very low rate of 
moisture vapour and gas transmission and as with 
the spacer 30G this can again be achieved by 
25 either manufacturing the glazing sheet from an 
oriented thermoplastic material which has very 
good barrier properties such as polyvinylidene 
chloride or by incorporating a separate transparent 
high performance barrier layer. 
30 As no outer sealant is used in fabricating the 
spacer frame, the corners must be hermetically 
sealed. This can be achieved By either manufactur- 
ing the spacer frame using the bent-corner method 
as described in Figure 5B or by assembling the 
35 frame from separate pieces and hermetically weld- 
ing the corners. 

The biaxiaily oriented thermoplastic glazing 
sheets 52 can be manufactured from various ther- 
moplastic materials. In addition to plastic glazing 
40 materials such as polycarbonates or acrylics which 

are__conventionally„used,„ other_materials__such _ as 

polypropylene and polyethylene may also be used 
as the process of orientating the materiai improves 
optical clarity. 

45 The sealed unit in Figure 6 incorporates a heat 

shrinkable film 51, typically PET which is also 
bonded to the spacers 30G. Although only a single 
film 51 is shown in Figure 5, the sealed unit can 
incorporate multiple parallel layers of heat shrink- 
so able film. Super high energy efficient sealed units 
(R-18 centre glazing) can be manufactured using 
low-e coated glazing sheets or heat shrinkable 
flexible films and filling the sealed unit with low- 
conductive krypton gas fill which allows reduced 
55 spacing between the glazing layers. For these thick 
airspace sealed plastic glazing units, there is no 
concern of breakage caused by pressure fluctu- 
ations within the sealed unit as the outer glazing 
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sheets are made from essentially unbreakable, rig- 
id oriented thermoplastic polymeric material. 

Where the plastic sealed unit is used for flush 
glazed openable windows, weatherstripping, win- 
dow hardware and hinges can be directly bonded 
to the plastic glazing and spacer. The unit is self 
supporting and there is no need for a separate 
sash frame. As a result, the cost of manufacturing 
the flush glazed, openable window is reduced. 

Although the glazing sheets 52A and 52B are 
typically transparent, the layers may be translucent . 
or opaque. Where the sheets are opaque, one 
option is to use laminated sheets made from bi- 
axially oriented thermoplastic material bonded to 
thin sheets of stone or marble. 

Different profile designs of the oriented thermo- 
plastic polymer spacer can be used for a wide 
variety of specialized designs for sealed glazing 
units. One specialized design is for structural spac- 
er glazing. 

Figure 7 shows a detail of a cross-section of 
an oriented thermoplastic spacer 50 for a structural 
spacer glazing unit where the spacer is U shaped 
in profile creating a recessed channel 56 around 
the perimeter of the sealed glazing unit. The chan- 
nel 56 is partially covered with a butyl tape 52 
containing deslccant material. The spacer is bon- 
ded to the glazing sheets 37A and 37B with struc- 
tural silicone sealant 53. In addition to reduced 
perimeter heat loss, a particular advantage of using 
the oriented thermoplastic spacer for this applica- 
tion is that the spacer frame can be very efficiently 
fabricated. As shown in Figure 5C, the oriented 
thermoplastic channel spacer is partially cut 
through the back legs of the U channel and bent 
around at the corners. The two ends of the channel 
spacer are then welded together at a butt joint 
creating a rigid bent-corner frame. 

Figure 8 shows a detail drawing of a second 
specialized design for the oriented thermoplastic 
spacer which for this application is a spacing ele- 
" merit 55 incorporated - ^ 
product 57. The continuous spacer element 55 of 
undulating shape is embedded within an elongated 
ribbon of deformable sealant containing desiccant . 
material. The edge seal strip product 57 is placed 
around the periphery of the glazing layers 37A and 
37B. The oriented thermoplastic material is used 
for the spacing element particularly because of its 
dead bend properties in the longitudinal axis which 
allow the oriented material to be very easily bent or 
folded creating the necessary zig-zag profile. How- 
ever, in contrast to the conventional spacing ele- 
ment, the heat loss across the edge seal in a 
direction normal to the longitudinal axis of the 
spacer is reduced. 

The drawings described herein illustrate only a 
very small representative sample of some of the 



possible design configurations for multiple-glazed 
sealed units incorporating the oriented thermoplas- 
tic spacer bar. 

Further, for the different sealed unit designs 

5 illustrated herein, it is recommended for improved 
high thermal performance that the airspaces are 
filled with a low-conductive gas fill, that one glazing 
surface in each separate airspace is coated with a 
high performance low-emissivity coating and where 

10 appropriate a further glazing layer or layers may be 
incorporated between the outer glazing layers cre- 
ating additional airspaces. To avoid repetition in the 
description of the drawings, specific reference has 
not been made in each case that the sealed units 

75 may incorporate these features. It should also be 
noted that hereinbefore, the space enclosed by the 
spacer and glazing layers has been referred to as 
an airspace, and that this specifically does not 
exclude the possibility that the space may be filled 

20 with an inert gas such as argon or alternatively, 
there may be no air enclosed and a partial vacuum 
may be maintained between the glazing layers. For 
good thermal performance, where air or argon gas 
is used, the optimum spacing. between the glazing 

25 layers is about 14 mm. Where low-conductive kryp- 
ton gas is used, the optimum spacing between the 
glazing layers is reduced to about 7 mm. 



30 Claims 

1. An insulating spacer interpositioned between 
at least first and second glazing layers of a 
multiple-pane sealed unit which spacer is formed 

35 from a highly-oriented thermoplastic polymeric ma- 
terial, among other physical properties of which the 
thermal conductivity, coefficient of thermal expan- 
sion, dead-bend properties, stiffness and rigidity. 
UV resistance, moisture vapour and gas permeabil- 

40 ity are governed by controlling the degree and 
directions of orientation of the molecular structure 
~~ of the" material: ~~ 



2. A spacer as in Claim 1 in which the degree 
and directions of orientation of the molecular struc- 

45 ture of the thermoplastic material are such that the 
thermal conductivity of said spacer normal to its 
longitudinal axis is less than its thermal conductiv- 
ity along its longitudinal axis. 

3. A spacer as in Claim 1 in which the degree 
50 and directions of orientation of the molecular struc- 
ture of the thermoplastic material are such that the 
thermal coefficient of expansion in the longitudinal 
axis of the spacer substantially matches the coeffi- 
cient of thermal expansion of the glazing layers of 

55 said sealed unit between at least the temperatures 
of -30* C and +60* C. 
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4. A spacer as in Claim 1 in which the degree 
of orientation of the molecular structure of the 
material in a direction normal to the longitudinal 
axis of the spacer is such as to provide adequate 
roll-forming and bending properties to the material. 5 

5. A spacer as in Claim 1 where said spacer is 
roll-formed from oriented thermoplastic polymeric 
sheet material which is oriented in at least two 
directions and highly oriented in at least one. 

6. A spacer as in Claim 1 where said multiple- to 
glazed sealed unit incorporates at least one heat- 
shrinkable plastic film between outer glazing layers 

and where said spacer is charachterised by a rigid- 
ity and stiffness comparable with a conventional 
hollow-profile steel spacer. 75 

7. A spacer as in Claim 1 where said glazing 
layers are oriented thermoplastic sheets and said 
spacer is bonded to said glazing sheets. 

8. A spacer as in Claim 1 where said spacer is 
substantially U shaped in cross-section whereby 20 
providing a recess for receiving structural mounting 
fixtures. 

9. A spacer as in Claim 1 where said spacer is 
a continuous undulating flat strip embedded within 

an elongated ribbon of deformable sealant contain- 25 
ing desiccant material. 

10. A multiple layer sealed glazing unit com- 
prising an insulating spacer of thermoplastic ma- 
terial interposed between two glazing layers char- 
acterized in that the material of the spacer has a 30 
molecular structure which is highly oriented in .the 
longitudinal direction of the spacer. 
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